High-frequency oscillations (HFOs), termed ripples and fast ripples , are recorded in the EEG of epileptic patients and in animal epilepsy models; HFOs are thought to reflect pathological activity and seizure onset zones. Here, we analyzed the temporal and spatial evolution of interictal spikes with and without HFOs in the rat pilocarpine model of temporal lobe epilepsy. Depth electrode recordings from dentate gyrus (DG), CA3 region, subiculum and entorhinal cortex (EC), were obtained from rats between the 4th and 15th day after a status epilepticus (SE) induced by i.p. injection of pilocarpine. The first seizure occurred 6.1 ± 2.5 days after SE (n = 7 rats). Five of 7 animals exhibited interictal spikes that co-occurred with fast ripples accounting for 4.9 ± 4.6% of all analyzed interictal spikes (n = 12,886) while all rats showed interictal spikes co-occurring with ripples, accounting for 14.3 ± 3.4% of all events. Increased rates of interictal spikes without HFOs in the EC predicted upcoming seizures on the following day, while rates of interictal spikes with fast ripples in CA3 reflected periods of high seizure occurrence. Finally, interictal spikes cooccurring with ripples did not show any specific relation to seizure occurrence. Our findings identify different temporal and spatial developmental patterns for the rates of interictal spikes with or without HFOs in relation with seizure occurrence. These distinct categories of interictal spikes point at dynamic processes that should bring neuronal networks close to seizure generation.
Introduction
High frequency oscillations (HFOs) -which include ripples: 80-200 Hz, and fast ripples: 250-600 Hz -can be recorded from the hippocampus, entorhinal cortex (EC) and neocortex of patients with intractable focal epilepsy and in animals made epileptic by experimental procedures (Bragin et al., 1999 (Bragin et al., , 2002a (Bragin et al., , 2003 (Bragin et al., , 2004 (Bragin et al., , 2007 Jacobs et al., 2008; Staba et al., 2007) . HFOs are mainly related to interictal spikes and are state-dependent since they occur more frequently during slowwave sleep (Bagshaw et al., 2009; Bragin et al., 2000; Staba et al., 2004 ). Higher HFO rates are significantly correlated with higher seizure frequency in epileptic patients (Ziljmans et al., 2009) , and appear to be more specific markers than interictal spikes in identifying the seizure onset zone, independently of the underlying pathology (Crépon et al., 2010; Jacobs et al., 2008; 2009) . Moreover, the spatial distribution of HFOs in the epileptogenic zone depends on the type of epileptic discharge, as widespread interictal spikes propagating across multiple cortical regions are often related to HFOs that can be recorded on multiple channels (Schevon et al., 2009 ).
These findings indicate that HFOs may mirror pathologic mechanisms that occur during chronic epilepsy. However, their role during the epileptogenic process is still unclear. Studies in rodents have shown that HFOs may reflect epileptogenesis since they are recorded in the dentate gyrus (DG) many days before the onset of spontaneous seizures induced by kainic acid, and only in animals that will later develop seizures (Bragin et al., 2004) . Moreover, the latent period is shorter and the rate of spontaneous seizures is higher in animals in which HFOs occurred shortly after kainic acid injection (Bragin et al., 2004) . These results thus support the hypothesis conceiving HFOs as a marker of abnormal neuronal network activity.
The spatial and temporal patterns of HFO development in different limbic areas as well as their relation to spontaneous seizures following an initial SE is, however, poorly defined in animal models of temporal lobe epilepsy (TLE). Hence, we used the pilocarpine model of TLE and performed chronic recordings in the entorhinal cortex (EC), DG, CA3 region and subiculum to answer the following questions: (i) how does the spatial distribution and the temporal evolution of interictal spikes with and without HFOs relate to rates of spontaneous seizures and (ii) are there limbic areas showing HFO activity that correlate more than others with the occurrence of spontaneous seizures over time. We hypothesized that HFOs mirror the evolutionary state of the epileptogenic tissue and that the relation to seizure occurrence will reveal pathologic activity from regions that bring neural networks close to seizure onset.
